Differential regulation of glucose transporter activity and expression in red and white skeletal muscle.
Insulin-stimulated glucose transport activity and GLUT4 glucose transporter protein expression in rat soleus, red-enriched, and white-enriched skeletal muscle were examined in streptozotocin (STZ)-induced insulin-deficient diabetes. Six days of STZ-diabetes resulted in a nearly complete inhibition of insulin-stimulated glucose transport activity in perfused soleus, red, and white muscle which recovered following insulin therapy. A specific decrease in the GLUT4 glucose transporter protein was observed in soleus (3-fold) and red (2-fold) muscle which also recovered to control values with insulin therapy. Similarly, cardiac muscle displayed a marked STZ-induced decrease in GLUT4 protein that was normalized by insulin therapy. White muscle displayed a small but statistically significant decrease in GLUT4 protein (23%), but this could not account for the marked inhibition of insulin-stimulated glucose transport activity observed in this tissue. In addition, GLUT4 mRNA was found to decrease in red muscle (2-fold) with no significant alteration in white muscle. The effect of STZ-induced diabetes was time-dependent with maximal inhibition of insulin-stimulated glucose transport activity at 24 h in both red and white skeletal muscle and half-maximal inhibition at approximately 8 h. In contrast, GLUT4 protein in red and white muscle remained unchanged until 4 and 7 days following STZ treatment, respectively. These data demonstrate that red skeletal muscle displays a more rapid hormonal/metabolic-dependent regulation of GLUT4 glucose transporter protein and mRNA expression than white skeletal muscle. In addition, the inhibition of insulin-stimulated glucose transport activity in both red and white muscle precedes the decrease in GLUT4 protein and mRNA levels. Thus, STZ treatment initially results in a rapid uncoupling of the insulin-mediated signaling of glucose transport activity which is independent of GLUT4 protein and mRNA levels.